What explains di¤erences in pre-market factors? Three types of inputs are believed to determine the skills agents take to the labor market: ability, family inputs, and school inputs. Therefore to answer the previous question it is crucial to understand …rst the relative importance of each of those inputs. The literature on the production of achievement has not been able to provide an estimation that can take the three factors into account simultaneously at the student level. This paper intends to …ll this gap by providing an estimation of the production function of achievement where both types of investments (families and schools) are considered in a framework where the inputs are allowed to be correlated with the unobserved term, ability to learn. I do that by using parents'saving for their child's postsecondary education to control for the unobserved component (i.e., ability to learn) in the production of skills. The estimates for the role of family inputs are in line with previous …ndings. Additionally, the estimates of school inputs show that they are also important for the formation of students'skills even after controlling for ability to learn.
Introduction
The literature on sources of inequality …nds that "pre-market" factors (i.e., skills individuals acquire before entering the labor market) explain most of income inequality across individuals and between groups of individuals. In that vein, Neal and Johnson (1996) conclude that the observed wage gap between black and white students mostly disappears once we control for "pre-market" factors, measured by the Armed Forces Qualifying Test (AFQT). Likewise, Wolpin (1997, 2001 ) and Cameron and Heckman (1998) suggest that labor market outcomes are largely determined by skills acquired during the school-age period. More recently, Carneiro et al. (2005) …nd that factors determined outside of the market play a major role in accounting for minority-majority wage di¤erentials in modern labor markets.
Several studies also document that the di¤erences in test scores between blacks and whites widen with age in the school-age period. 1 However, the questions of how skills are acquired and evolve over time -i.e., their dynamics-and the importance of the three main inputs (ability, family inputs, and school inputs) still remain unsolved. The existing literature has not been able to provide an estimation of the production function of achievement that can take these three factors into account simultaneously at the student level.
This paper intends to …ll this gap by providing an estimation of the production function of achievement where both types of investments (families and schools) are considered in a framework where the inputs are allowed to be correlated with the unobserved term, ability to learn. I do that by using parents'saving for their child's postsecondary education to control for the unobserved component (i.e., ability to learn) in the production of skills. 2 What makes this saving measure informative is the fact that parents decide it at the same time they choose the family and school inputs that will a¤ect the observed test score (the current outcome).
However, those savings will not a¤ect the current outcome, but instead will a¤ect future labor market outcomes through the choice to go to college. To the best of my knowledge, this is the …rst paper using savings for postsecondary education to recover a measure of parents' knowledge about their children's ability at the moment they make their input decision. More importantly, this identi…cation strategy allows me to disentangle the e¤ect of ability from the e¤ect of previous test scores on current test scores (see section 2.2). Identifying the e¤ect of previous achievement on current achievement is important for analyzing the dynamics of educational policies. Cunha (2007) and Cunha and Heckman (2007a, 2007b) had focused on the unobserved component of the production function (i.e., ability), while keeping school inputs implicit using the National Longitudinal Survey of Youth of 1979 Children and Young Adults (NLSY79-CS). Cunha (2007) estimates a production function using factor analysis in nonlinear settings and he recovers the unobserved distribution of initial skills and that of ability (or heterogeneity at later ages). Cunha and Heckman (2007a, 2007b) provide additional estimates of the production function focusing on the substitutability/complementarity between cognitive and noncognitive 3 skills at both a point in time and across time. One salient conclusion is that noncognitive skills foster the formation of cognitive skills, but not vice versa. Although these approaches try to overcome the endogeneity between inputs and the unobservable ability, they do not take into account school inputs. The current paper complements these results by providing estimates not only of family inputs, but also of the role of school inputs in the production of achievement.
Lui, Mroz, and van der Klaauw (2010) and Todd and Wolpin (2006) provide estimates of the production function of achievement merging NLSY79-CS with the Common Core Data (CCD). The CCD includes school variables at the county level as proxies of the true school inputs students receive. Using a value-added speci…cation, Todd and Wolpin …nd that di¤er-ences in the mother's ability (measured by AFQT) and home inputs explain large portions of test score gaps. In terms of the school characteristics, Todd and Wolpin …nd that their implied impact is very small compared with that of home inputs and the mother's AFQT.
Lui, Mroz, and van der Klaauw (2010) estimate a structural model of migration and maternal employment decision. Their …nding is that once parental responses are taken into account -that is, after parents adjust their location and the mother's labor supply decision-policy changes have only a minor impact on the child's test scores. Lui, Mroz, and van der Klaauw characterize schools by a set of average county-level school quality measures, which might not be the true school input the child is receiving because school quality varies greatly within counties. The current paper complements these results by providing estimates of family and school inputs in the production of achievement using student level data for both types of inputs.
In this paper I provide an estimation of the production function of achievement that attempts to overcome the aforementioned problems. To that end I propose an estimation strategy that takes into account not only the dynamics of the accumulation of human capital, but also the choice of whether or not to attend schools. The idea of the identi…cation strategy is as follows: Every period, parents observe their child's characteristics as well as other household characteristics (such as family income and parents' education) and decide whether to send the child to school, how many inputs to invest in that period, and whether or not to save for the child's postsecondary education (postsecondary education being signi…cantly more expensive than elementary or high school education). This parental saving decision is used to recover the ability, or unobserved, component. 4 Therefore the identi…cation strategy relies on the assumption that, conditional upon all the other observable variables a¤ecting the saving decision, there exists a one-to-one mapping between savings and the unobserved term.
Another potential problem of the identi…cation strategy is whether we are capturing "ability to learn"-i.e.., whether savings for postsecondary education is a good proxy for students' unobserved "ability to learn". To study that, in Section 4.3 I test for the presence of measurement error and a preference shifter, a students' …xed e¤ect, in the saving function. I do that by incorporating the identi…cation strategy for polynomials errors-in-variable model (Hausman, Newey, Ichimura, and Powell (1991) and Hausman, Newey and Powell (1995) ) to the standard Olley and Pakes'algorithm.
I use the estimates of the production function of achievement to perform some counterfactual exercises. Following the literature, I focus on the black-white test score gap. In particular, I do an out of the sample exercise where I equalize the inputs of black students by the di¤erential that white students in the sample are receiving. As opposed to what was found previously in the literature, the results suggest that schools are important in helping blacks catch up to their white counterparts. 5 Moreover, if inputs are altered only in 12th 4 Cooley (2007) uses a similar invertibility condition to identify students' ability. She assumes that the portion of leisure time spent reading for fun is a function of students'ability. She then inverts this function to recover students'ability. 5 One exception is a recent work by Hanushek and Rivkin (2009) . They …nd that teacher and peer characteristics explain a substantial share of the widening of the black-white achievement gap between third and eighth grade. Also, using data from Israel, Goud, Lavy, and Paserman (2004) …nd evidence that early schooling environment has an important e¤ect on high school dropout rates, repetition rates, and the passing rate on grade, home and school inputs have similar impact on students'achievement. A policy that gives inputs in both 8th and 12th grade is found to be more e¤ective than intervening only in 12th grade, a result that is consistent with the …ndings in Cunha (2007) .
The order of the paper is as follows: Section 2 starts by pointing out the potential estimation problems by using OLS and presents the proposed estimation strategy. Section 3 describes the data and the variables used in the estimation, and Section 4 presents the empirical results. Finally, section 5 concludes.
A proposed framework to overcome estimation problems
The goal is to obtain consistent estimates of the following production function of achievement (ACH): 
In order to illustrate the estimation problems faced when trying to estimate the f t (:) function, consider the value-added speci…cation. 6 That is, assume that the production function of achievement is:
where
i.e., " allows for ex-post productivity shocks.
If we want to estimate the production function of achievement, a natural starting point is Ordinary Least Squares (OLS). In the …rst subsection I describe the problems we face if we choose that strategy. Then the econometric strategy used in this paper is explained.
Basic problems of OLS estimates
To illustrate potential biases suppose that cognitive skills are produced according to the following technology:
matriculation exams necessary to enter college. 6 This speci…cation was …rst suggested by Hanushek (1986) and has been widely used in the education literature since then. Todd and Wolpin (2006) …nd, based on a RMSE criterion, the value-added speci…cation is preferable to di¤erent reduced form speci…cations (contemporaneous, cumulative, child …xed e¤ect, and sibling …xed e¤ect) for the estimation of the production function.
where I accounts for all inputs. The main problem of estimating such a technology by OLS is that, as econometricians, we do not observe students'ability. Thus the error term becomes t = t + " t . In this case, the OLS estimates are:
where b a;b denote the sample covariance between a and b. This introduces two types of biases.
Endogeneity bias: following the arguments in Todd and Wolpin (2003) , any economic model of optimizing behavior predicts that the amount of resources allocated to a child will be responsive to the parent's perception of a child's ability. That is, parents choose inputs once they observe their child's ability, so we should expect I; to be di¤erent from zero. It could be either positive or negative. On the one hand, it could happen that parents observing that their child is of high ability expect a higher return to their investment and so invest more in him. In this case a positive correlation would exist between children's ability to learn and the amount of inputs. On the other hand, it could be that parents who observe that their child is of low ability try to compensate for this by investing more inputs. This type of behavior would induce a negative sample correlation between student's ability to learn and the level of inputs.
Selection bias: it will exist only if those children for whom it is pro…table to attend school do not drop out. Therefore, the distribution of unobserved ability to learn in the sample is not the unconditional distribution, but the truncated distribution. If in this context children of higher ability are sent to school when they obtain lower values of previous test scores -i.e.., when they do poorly in school-because they can catch up later, the truncation point of the ability distribution will be negatively correlated with the previous test score. Hence, the sample average of ability will be decreasing in previous test scores.
The proposed identi…cation strategy deals with both problems.
Econometric Strategy
The econometric relies in using a proxy variable approach. I assume that every school year parents observe the stock of human capital of their child, the child's ability to learn, and other household characteristics such as their family income. I assume as well that ability to learn follows a …rst-order Markov process, i.e., t+1 = g( t ) + t+1 . This assumption is a departure from the literature. The literature on the production function of achievement usually assumes that ability to learn is a …xed e¤ect. If ability to learn is a …xed e¤ect we should …nd that var( t+1 ) = 0. In the empirical section, I search for the parameters of the distribution of t+1
as part of the estimation to test this assumption.
Given the information parents have at the beginning of the period, if the child is old enough so that school attendance is no longer compulsory, parents can decide whether the child will go to school or drop out. After high school the child might attend a postsecondary institution, and parents can start saving for their child's postsecondary education in advance.
The basic idea of the identi…cation strategy is that parents make a saving decision to a¤ord postsecondary education while their child is in middle and high school. They make this decision based on their family income, the child's achievement, and the child's ability to learn 7 ; i.e.., :
In turn, the child's ability to learn will determine the likelihood of attending college, whether he/she will be given …nancial aid and which type of college he/she will be able to attend.
Observing savings for postsecondary education allows me to recover the distribution of ability, as ability a¤ects savings but savings does not a¤ect the child's level of achievement in the current period.
Conditional on the other set of variables, we can invert this function to back out t :
Note that to be able to invert this function I rely on the assumption that, conditional on the other set of variables, there exists a continuous and monotonic choice of savings based on the child's ability. Two cases might break this monotonicity assumption: (i) if savings depends only on family income or (ii) if savings depends only on parents'expectations about …nancial aid or some other way their children might …nd to pay the cost of postsecondary education.
Appendix A presents evidence from the sample on students in NELS88 that hints at a monotonic relation between savings for postsecondary education and measures of students performance. The empirical evidence suggests that …nancial aid is based on observables I considered in the estimation (family income, race, sex, student's performance on previous test scores). In most cases …nancial aid does not cover all postsecondary education expenses.
Moreover, the quality component of postsecondary institutions could be a reason why we observe a higher net price of attendance for students that perform better on the SAT.
There are two other assumptions needed for the identi…cation to be correct. There is a timing assumption of when the amount of savings is chosen and when it a¤ects the production of human capital. In particular, it is necessary that savings does not a¤ect the student's performance in the current period test. Because parents are asked about savings for postsecondary education only, the saving variable I am using should a¤ect only future levels of human capital through the choice to attend college or not-and which postsecondary institution attend-but not the student's performance in the current period test.
A scalar unobservable assumption is necessary as well. This assumption limits the dimensionality of the econometric unobservables that a¤ect student performance on the test.
This assumption could be violated if savings for postsecondary education respond not only to family income, the student's previous test score, and the student's ability to learn, but also to other factors such as parental preference for education. If savings reponds to other unobservable factors, there is no longer a one-to-one mapping between savings for postsecondary education and students' ability to learn. In section 4.3 I investigate what happens when the scalar unobservable assumption is relaxed and present robustness exercises to test this assumption.
Estimation procedure
Replacing t = f t (H; s t ; h t 1 ) in the production function gives: Note that by assumption we are able to completely proxy for t and hence the residual in (5) represents factors that are not observed by parents when making their inputs decisions.
Therefore we can get consistent estimates of 1 , 2 , and 3 . However, the non-parametric treatment of f (:) does not allow one to separate the e¤ect of h t 1 on the production of current human capital from its e¤ect on the saving decision.
I identify the coe…cient of h t 1 on the production of current human capital in two steps using information on students' dropout decisions. Note that from the estimates in the …rst stage we obtain:
that is, given a particular set of parameters ( 0 ; 4 ) we can have an estimate of t .
Consider the expectation of human capital net of variable inputs in t + 1 conditional on the information at the beginning of the period and not dropping out of school ( t+1 = 1):
. To go from the second to the third line we assume that the decision to not drop out of school depends on the child's ability to learn.
Students above a certain threshold will continue in school. I assume that this threshold depends on his stock of achievement, the household characteristics, and the level of savings.
All these variables will a¤ect the probability of attending a postsecondary institution and therefore the probability of remaining in school.
In order to control for the selection, we need a measure of both: t ; t+1 . I can get a measure of t from (7), but do not have a measure for t+1 . I use data on school dropouts to control for t+1 . 8 Given the previous assumptions, we can write the probability of not dropping out of school in period t + 1 conditional on the information available in period t as:
We can estimate (9) non-parametrically, using a fourth-order polynomial in (H; S t ; h t ) as the latent index. I assume that the i.i.d. shock received every period to the level of ability to learn follows a normal distribution. This implies that the probability of not dropping out of school follows a normal distribution as well.
Once we have an estimate for P t , we can invert b P t to get a measure of t+1 , i.e., t+1 ( b
The only condition we need for that inversion to be possible is that the density of t+1 given t is positive in an area around t+1 (H; S t ; h t ). Substituting b P t and b in the production function we can obtain consistent estimates of the e¤ect of lag test score:
To go from the second to the third line I use the assumption that the child's ability to learn receives an i.i.d. shock every period ( t ). The estimation is similar to the …rst stage where we use a fourth-order polynomial to approximate g(:) and estimate it by NNLS. Note that because of the approximation for g(:) 0 cannot be identi…ed. The identi…cation of 4 comes from comparing students with the same t and P t but di¤erent h t 1 .
Data
NELS:88 is a nationally representative sample of eighth graders who were …rst surveyed in the spring of 1988. The original sample employed a two-stage sampling design, selecting …rst a sample of schools and then a sample of students within these schools. In the …rst stage the sampling procedure set the probabilities of selection proportional to the estimated enrollment of eighth grade students. In the second stage 26 students were selected from each of those schools, 24 randomly and the other two among Hispanic and Asian Islander students.
Along with the student survey, NELS:88 included surveys of parents, teachers, and school administrators. A sample of these respondents were resurveyed through four follow-ups in Sample From the 12,144 individuals in the NELS:88/2000 sample, I exclude those students that in 1988 belong to the "hearing impaired" sample; those students whose parent, teacher, or school administrator did not return the questionnaire; and those students with missing test scores.
In 1990 these students can be divided into three groups. For those students who in 1990 dropped out of school, only their eighth grade observation was kept in the sample. Among those students attending school in 1990, if the student was attending a di¤erent grade (that is, not in tenth grade) his complete history was deleted. If the student was in tenth grade and his teacher and school administrator answered the questionnaire, I kept the student in the sample. If any of these questionnaires are not available, the student's complete history was deleted.
I repeat the same procedure for the 1992 data. If the student dropped out, his observations while in school are kept in the data. For those in school, if the student was attending a grade di¤erent from twelfth grade, all his observations are deleted from the sample. If the student was attending twelfth grade, but either his parents, school administrator, or teacher did not complete the questionnaire, all the observations for that student were deleted. Finally, students in twelfth grade that had all relevant questionnaires completed are kept in the sample.
The following …gure summarizes how I construct the sample: The sample resulted in 6,293 students with answers for 1988. In the following years the sample shrinks due to dropouts. Consequently, the …nal sample is an unbalanced panel of students from 1988 to 1992.
Achievement Measures I use the percentile in the math test score distribution as a measure of students'achievement. All students in the sample took the same test provided by the Education Department. Table 1 are in line with other datasets: The gap between whites and blacks is important and it is increasing over students'lives. In eighth grade, the average black student tends to perform in the third decile, while the average white student is in percentile 52. At the end of the high-school period, the average white student increases one percentile (i.e.., he performs in percentile 53); while the average black was in the same percentile as in eighth grade.
Home inputs NELS:88 includes a large set of questions related to family activities that might foster or discourage a student's test scores. Table 1 presents some of the measures used in the empirical analysis separated by race. All the measures show that whites are more likely to receive home inputs that foster achievement than blacks. For example, black children tend to read outside school on average 0.3 hours less than whites in eighth grade, increasing the di¤erence to half an hour by twelfth grade. Blacks tend to watch on average more hours of TV than whites. While attending eighth grade a higher proportion of whites are sent to classes outside school (music, language, art) than whites, although this di¤erence seems to narrow over time.
School inputs There are two types of school variables in NELS:88. One set of variables is observed at the school level, while the other corresponds directly to the class level and is answered by the teacher. Table 1 shows the average value for some of these variables. As in the case of home inputs, there are important di¤erences across race. Black students attend on average schools with worst characteristics to foster their human capital accumulation than white students. For example, blacks are on average in classes with almost twice as many students receiving remedial classes than their white counterparts (12.21% versus 5.38%). On average blacks are also in classes in which the teacher spends a higher proportion of the class time maintaining the order. Both groups seems to have teachers with similar characteristics, in terms of wages, experience, and certi…cation.
Parents characteristics One advantage of NELS:88 is that it provides information on both parents, mothers and fathers. Table 1 shows the proportion of parents with di¤erent years of education. Only 30% of black fathers attain some college or more, while almost 70% of white fathers do. Among mothers, di¤erences are important, though not as extreme as with fathers.
Having both parents'education is important to identify the home environment of the child.
This seems important as, at least in this sample, there is evidence that mothers'education is not always the same as fathers'education (see Table 2 , Appendix A). For example, for children whose mothers completed only high school, only 37% of the fathers had completed only high school, while 17% attended some college, 12% …nished college, and 34% did not complete high school. Similar di¤erences are observed for mothers with other schooling levels.
Savings for postsecondary education Savings parents make for postsecondary education are observed in every round of the survey where parents are surveyed. First, parents are asked whether they have taken any steps to ensure they have some money for they child's education after high school. For those that answer yes, they are asked how much money they have set aside. Table 1 shows that although there are big di¤erences by race, the average saving-to-family income ratio is similar across races. In the empirical analysis, these di¤erences jointly with other family and child characteristics provide the identi…cation for heterogeneity across students.
Empirical Results
This section presents the estimates for the production function of achievement using the steps described in section 2.2. Two additional controls will be added to the ability function. The …rst one is race. Equation ( I also need to search for the mean and standard deviation for the shock to ability to learn.
For that, I added a loop on top of the algorithm described in Section 2.2. The starting point is to assume that the shock follows a standard normal distribution. Using the estimates I calculate the implied distribution for the shock and use this as the assumed distribution. I stop once the di¤erence between the parameters of the assumed and implied distributions is su¢ ciently small.
I present …rst the estimates for a value-added production function using the proposed proxy variable approach (PV) and compared them with the standard OLS estimates for the same function. Then the estimates of a technology that allows for dynamic complementar-ity/substitutability are presented.
In Section 4.2 I use these estimates to perform some counterfactual exercises. Following the literature, most of the counterfactual exercises focus on the black-white test achievement gap. In particular, I study how the actual gap would change by exogenously altering the inputs a group of students receive. Finally Section 4.3 presents robustness analysis for the assumption that savings for postsecondary education is a good proxy for students'ability to learn. Table 3 presents the estimates for the production function under alternative speci…cations.
Estimates of the Production Function of Achievement
The …rst column presents the estimates using OLS. Both home and school inputs are statistically signi…cant for the production of achievement. The coe¢ cient in the lag test score is statistically signi…cant, positive, and less than one. This result is in line with previous literature. For example, Currier and Thomas (2000) …nd that the e¤ect of Head Start tends to fade out over time when not followed up by later investments.
The second column shows the estimates when the proxy variable approach (PV) is used.
The most important change with respect to the OLS estimates is in the e¤ect of the lagged test score, with its coe¢ cient increasing by more than eight standard deviations. Parents of children with larger stocks of human capital, h t 1 , should expect future higher returns for any level of their child's ability to learn. Hence, they will choose to send their children to school under lower realizations of their ability. Consequently, we should expect the truncation point of students'ability to learn to be decreasing in h t 1 ; and, if the production function of achievement is increasing in h t 1 , this would imply a negative bias in the OLS estimate of its coe¢ cient. 9 For the home and school inputs, their coe¢ cients are jointly statistically di¤erent under the PV estimations and the OLS estimation. Under the null hypothesis that they are equal, we get a 2 of 41.85 with a p-value of 0.0186. As was mentioned in Section 2.1, a priori the bias from the OLS estimates in the home and school inputs could go either way depending on whether the substitution or wealth e¤ect dominates. In this sample there is evidence that the substitution e¤ect dominates, as in most cases the impact of individual inputs goes down once we eliminate the endogeneity problem. If we increase all the inputs by one standard deviation, the OLS estimates predict an increase of 0.95 standard deviations of the average math test score, while the PV estimates predict that the average math test score would increase by 0.68 standard deviations.
In line with previous results in the literature there is evidence of sensitive periods. In this sense, the return to reading an extra hour decreases by 96% from 8th grade to 12th grade and it is not signi…cant in the last case. In terms of the school inputs, the e¤ect of the proportion of time that teachers use just to maintain order in the class decreases by 56%. Table 4 presents the estimates of a technology that allows for dynamic complementarity/substitutability in the production of skills. In particular, I estimate the following production function:
Note that in order to make the estimation more tractable, all the inputs are compacted in an index, where each input's weight is their contribution to the production of achievement. This joint e¤ect can be identi…ed in the …rst stage of the algorithm, estimating this stage through NNLS, because current period inputs do not enter in the fourth-order polynomial used to approximate the unobservable component.
The estimates show that the e¤ect of skills in the previous period changes signi…cantly. Now 4 is smaller and is positive and signi…cant. From equation (10):
that is, if investments are not followed by subsequent investments, achievement tends to fade out more rapidly. There is also strong evidence for dynamic complementarity: The return to current investment is 1.55 times higher the higher the stock of skills acquired in previous periods.
The estimated mean of the shock to ability to learn is 0:041 while the standard deviation is 0:258. These results support the assumption that ability to learn evolves over time rather than being a …xed e¤ect as previously assumed in the literature.
Accounting Exercise
There exists a growing literature interested in understanding the production of skills because they are important determinants of labor market outcomes. To understand the e¤ect of di¤erent inputs, in this section I use the estimates from Table 4 to study the impact of exogenously altering di¤erent types of inputs on students'achievement. Table 5 shows how the predicted black-white gap would change under di¤erent scenarios. The …rst exercise shows the test score gap if black students would receive, in addition, the di¤erential of what white students receive. That is, for each input I regress the quantity of the input on family income, parental education, sex, race, and past achievement and a white dummy. I reassigned black students the actual amount they receive plus the di¤erential that whites students receive.
The estimated math test scores imply that home inputs would reduce the achievement gap by 15.6% while equalizing school inputs would do it by 9.2%. The second exercise is a "late remediation policy" where blacks receive additional inputs only in twelfth grade. The e¤ect of both types of inputs in closing the gap decreases. School inputs would reduce the gap by 7.2% while home inputs would do it by 7.4%. That is, during the high school period the role of school inputs is closer to that of home inputs.
The estimates of the production function show that the lag test score is an important input. One important limitation of NELS:88 is that all the inputs information begins in eitghth grade, only after much has already had occurred in a child's life. To see how much of the gap is due to these di¤erences in skills at the beginning of eighth grade, I calculate predicted tests scores using the estimated parameters and giving every student the maximum initial test score observed in the sample. In this case 16.4% of the gap would be closed, implying that initial conditions are important for future performance. This result is also in line with previous …ndings in the literature that suggest that early investments are more productive than later investments.
Robustness: Estimation problems when savings is a poor proxy of unobserved ability to learn
In order to estimate the contribution of home and school inputs to the production of achievement, I suggest that s it = f ( it ; controls) and assume that this is the true function generating savings. In a more general set up, it could be that s it = f ( it ; controls; it ), where it is an additional component, unobserved by the econometrician. For example it could be measurement error. Alternatively, we could think that it is a variable that a¤ects the true savings function, like parents'generosity towards their children. In this section I study whether the inclusion of such a variable could bias the results and how I could solve this issue. 10 To derive the estimation problems we would face, assume the production function of achievement is governed by the following technology:
where it = it + " it , it is ability to learn and " it represents some idiosyncratic shock to the production of achievement or just classical measurement error in test scores. Without loss of generality, assume both components have mean zero. As mentioned in Section 2.1, any economic model of optimizing behavior would predict that the amount of resources allocated to a child will be responsive to the parent's perception of a child's ability -that is, cov(I it ; it ) 6 = 0.
To simplify the analysis assume that cov(I it ; " it ) = 0.
For illustration lets set aside the control variables considered in the saving function; that is, suppose that in addition to it the only determinant of savings is ability to learn, and consider the simple case where the previous function is linear; i.e.,
If this is the true relation between savings and ability to learn, then can we use savings to solve the endogeneity and selection problems of the OLS estimation? Yes. In fact it can be shown (see Appendix C) that the bias using savings as a proxy variable for unobserved ability to learn can never be higher than the bias of the OLS estimates and it equals
1 0 In this section I study what would be the estimates if the saving function depends on unobservable characteristics other than ability to learn. It could be argued that parents could choose other types of investments in their child's achievement. Moving to a neighborhood with better schools or sending their child to private school could be an alternative. However, the estimates do not change signi…cantly when the sample is restricted either to those students that do not change neighborhood or to students attending public schools. Tables 7 and  8 in the Appendix show how much of the gap family and school inputs would close under these two restricted samples.
The extent of this bias will depend on the correlation between the regressors of interest (home and school inputs) and the proxy variable ( ist ) and the correlation between the proxy variable and the error term ( st ).
To study whether the estimators are consistent, we need additional information. Given that the panel gives only two saving observations per student, I will take into account two cases for the stochastic component for which I can obtain identi…cation in the sample.
Identi…cation under alternative speci…cations
Measurement error Suppose that the unobserved term & it is pure measurement error. 
ii stst 2 ist if we use s i;t 1 to predict s i;t (s i;t = s i;t 1 + it ), then:
where we use it = " it 1 it as de…ned in (14) Appendix C. It follows that
given that cov(s i;t 1 ; & it ) = 0, which implies E(b 1 1 ) = 0. To test the presence of measurement error in the saving function we can run the same set of regressions as in section 4.1 but instrumenting the current period saving with savings in a di¤erent period. The problem in this case is that in the estimation of Section 4.1 a fourth-order polynomial expansion of parental savings for postsecondary education is used. That is, we have a polynomial errors-in-variables model. Identi…cation in this case is still possible, but not by using a linear projection in the …rst stage. The problem is that powers of the measurement error get interacted with the coe¢ cients, and to identify them we need to identify those moments of the error term as well. If a linear projection of the type of s i;t = s i;t 1 + it is used, the estimated coe¢ cients would be a linear combination of the true coe¢ cients and di¤erent moments of the measurement error term. Hausman, Newey, Ichimura, and Powell (1991) and Hausman, Newey, and Powell (1995) proposed an identi…cation strategy for polynomial errors in variable models, and that is the one I follow in this case. To obtain identi…cation, 
Estimation Results
Both instruments require that we observe two savings observations for each student; therefore all the estimations in this section include only the balance panel of students that do not drop out from school between 8th grade and 12th grade. Consequently I cannot estimate the survival probabilities needed to identify the coe¢ cients in the third stage of the algorithm. To be able to run the third stage, I use each student's survival probabilities estimated from the unbalance panel. I use these probabilities for the three measures of savings: current period saving (the suggested measure), savings in a di¤erent period (measurement error case), and change in savings (preference shifter case). I reestimate the OLS coe¢ cients for this balance panel as well.
Using the estimates of each alternative speci…cation I compute how much of the black-white gap could be closed by giving black students the di¤erential of what white students receive on top of what they received. Table 6 presents the results under the alternative speci…cations, the original OLS, and PV value-added speci…cations and the two PV estimations using each instrument. In comparison with its OLS alternative, the PV estimator using current period saving does much better. The PV estimator predicts that both types of inputs, home and school, would close the gap by a smaller fraction than what OLS predicts. In both cases the PV prediction is closer to what the instrument for each extreme case predicts.
Conclusion
The existing literature on sources of inequality …nd that "pre-market" factors, skills individuals acquire before entering the labor market, explain most of income inequality across individuals and between groups of individuals. But what explains di¤erences in pre-market factors? A growing literature in economics tries to provide an answer to this question by studying children's performance in test scores . This paper contributes to that literature by proposing an identi…cation strategy that accommodates usual endogeneity problems in the choice of inputs and whether to attend schools or not and applying it to a very suitable dataset for this problem: NELS:88. NELS:88 provides information of both home and school inputs at the student level as well as parents'saving for their child's postsecondary education that I use to control for the unobserved component (i.e., ability to learn) in the production of skills. This allows me to recover the parameters of interest in the production function of achievement: the e¤ect of period-by-period investment as well as the impact of the achievement acquired in previous periods. The estimates show that in fact the most signi…cant change from applying the proposed strategy rather than an OLS estimation occurs in the lag test score. Additionally, I …nd evidence that these savings are not a poor proxy for students'unobserved ability to learn.
The estimates for the role of family inputs are in line with previous …ndings, they foster students achievement, and there exists sensitive periods. However, the estimates of school inputs show that, contrary to what has been found in the literature, they are important for the formation of students' skills and they seem to be as important as home inputs if late remediation policies are considered.
6 Appendix A: Savings, students'performance and family income
In order to be able to invert equation (4) we need a monotonic relation between savings for postsecondary education and ability to learn. Two cases might break this monotonicity assumption: if savings depend only on family income or if savings depend only on parents' expectations about …nancial aid or some other way their children might …nd to face the cost of postsecondary education.
In the …rst case, if savings depend only on family income, then we should expect richer families to save more independently of their children's level of achievement. If this is the case, conditional on family income there will be no relation between savings and achievement. Figure 1 shows the relation between students performance in math test score and savings for each quartile of family income. It can be observed that parents of children that do better tend to save more for their child's postsecondary education within each income quartile.
Thus, there is evidence that conditional on family income there exists a relation between the saving decision and students' achievement. The data also shows that savings are not completely explained by the observables included in the saving functions Figure 2 presents the distribution of savings conditional on family income, race, sex, past achievement. The second case is more complex and requires the consideration of more variables. If parents of high ability students think their children will be able to get enough merit-based …nancial aid to face all his/her postsecondary expenses, it might not be optimal to save and reduce current consumption. The child could a¤ord the expenses anyway and parents could increase lifetime utility by increasing current consumption. The same logic could apply for need-based …nancial aid; i.e.., assigned based on family income. If this was the case we could observed a hump shaped relation between savings and ability breaking the monotonicity relation and so the identi…cation strategy. But this argument is based on the assumption that the education decision depends only on the cost. However there could also be a quality dimension on that decision. Therefore, understanding how …nancial aid works and how it a¤ects net price of attendance 11 at di¤erent postsecondary institutions is of vital importance to study whether the identi…cation assumption is correct.
There are three sources of …nancial aid for students attending postsecondary institutions.
The …rst, and most important in terms of budget, are …nancial need-based governmental sources (such as the Pell Grant, Perkin Loans, Sttaford subsidized loans and the Supplemental Educational Opportunity Grant (SEOG)). The second are governmental loans that are not need based, as the Sta¤ord unsubsidized loans and the PLUS loans, but those are not commonly used in practice. Finally, colleges and universities o¤er their own grants which in most cases are merit based-in that they are assigned to students that attained a certain GPA in high school (usually above 3.0) or satisfy some other academic criteria.
An additional important aspect is that …nancial aid does not usually cover all postsecondary expenses. Parents should expect to pay at least half to two-thirds of their children's college costs through a combination of savings, current income, and loans. Gift aid from the government, colleges and universities, and private scholarships account for only about a third of total college costs. According to data from the Education Department for the 1995-96 academic year Lee (2001) …nds that 91.9% of students attending postsecondary schools with tuition and fees above $12,000 receive some direct …nancial contribution from their parents.
Among those students attending institutions with tuitions and fees below $12,000 this percentage was 79.6% in public research universities and 70.8% for other institutions. In sum, for most students the net price of attendance is positive.
Therefore the empirical evidence suggests that: …nancial aid is based on observables that we take care of in our estimation, and for most of the students it does not cover all of their postsecondary education expenses. However, this argument does not rule out the existence of a hump shaped relation between ability and cost of postsecondary education. On one extreme of the distribution we could have students from economically disadvantage families getting …nancial aid and on the other extreme high ability students getting it. This could imply that only students from the center of the achievement distribution, who would not qualify for either need based or merit based …nancial aid, would face higher costs. However, this argument does not take into account other aspects that parents might take into account when choosing the postsecondary institutions for their children as for example the quality dimension of postsecondary education. If postsecondary costs are related to the quality of the institution and if the return to schooling depends on this quality, the previous argument does need not hold. To study the relation between a measure of students'ability and the cost of postsecondary education, I do a nonparametric regression between students'standardized composite SAT score and the actual net price of attendance they face for the students in the NELS88 sample. Figure 3 shows the result. The relation between SAT and net price of attendance is monotonically increasing, giving us evidence that there are some aspects other than price a¤ecting the choice of the postsecondary institution. The next subsections explain in more detail each of the algorithm's steps. ) , and plugging back in (12) we get:
which implies that the unobserved component equals:
where 2 = 1= . This model can be rewritten in deviation of the means, which results:
which with some abuse of notation now lower case letters refer to deviation with respect to their mean. Thus the OLS estimates in this case can be derived from:
The FOC are:
1 :
2 :
In matrix notation:
where: 
Which implies that we can write the expected bias as:
We can re write the expected bias more compactly as:
Note that the OLS bias when we omit the unobserved component it is:
Using the suggested proxy variable and assuming that all the components of the error term are orthogonal to current inputs; i.e.., i = 0, we can re write (18) as:
In this particular example we can see that using savings as a proxy for ability provides estimates with a smaller bias than OLS, even when the relation between savings and ability is not determinist. To see this, consider the bias in b 1 :
Consider …rst st :
can be expressed in terms of the bias of the OLS estimator when we do not use savings as a proxy for unobserved ability to learn. To see this more clearly:
ii since E( ) = 0, E( ) = 0, and
Replacing back in E(b 1 1 ):
To show that E(b 1 1 ) < E(b Base-Year Study. The base-year survey for NELS:88 was carried out during the 1988 spring semester. The study employed a clustered, strati…ed national probability sample of 1,052 public and private 8th-grade schools. Almost 25,000 students across the United States participated in the base-year study. Questionnaires and cognitive tests were administered to each student in the NELS:88 base year. The student questionnaire covered school experiences, activities, attitudes, plans, selected background characteristics, and language pro…-ciency. School principals completed a questionnaire about the school; two teachers of each student were asked to answer questions about the student, about themselves, and about their school; and one parent of each student was surveyed regarding family characteristics and student activities.
First Follow-up Study. Conducted in 1990, when most sample members were high school sophomores, the …rst follow-up included the same components as the base-year study, with the exception of the parent survey. The study frame included 19,363 in-school students, and 18,221 sample members responded. Importantly, the …rst follow-up study tracked baseyear sample members who had dropped out of school, with 1,043 dropouts taking part in the study. Overall, the study included a total of 19,264 participating students and dropouts. In addition, 1,291 principals took part in the study, as did nearly 10,000 teachers. based on their response history, dropout status, eligibility status, school sector type, race, test score, socioeconomic status and freshened status. Each group was assigned an overall selection probability. Cases within a group were selected such that the overall probability was met, and the probability of selection within the group was proportional to each sample member second follow-up weight. The …nal sample size was 15,875 individuals. included interviews with 12,144 members of the three NELS:88 sample cohorts 12 years after the base-year data collection (For costs reasons the third follow-up sample was subsample to limit the numbers of poor and di¢ cult respondents and those who were unlikely to be located (those who couldn't be located during earlier follow-up interviews). From here 15,649 individuals were selected and 12,144 of them completed the survey). Because these data represent the period 6 years after the last contact with the sample, they will enable researchers to explore a new set of educational and social issues about the NELS:88 respondents. For example, in 2000, most of the participants from the various cohorts of NELS:88 had been out of high school for 8 years and were 26 years old. At this age, the majority of students who intend to enroll in postsecondary schools will already have done so. Thus, a large proportion of students have completed college; some completed graduate programs. Many of these young people are successful in the market place, while others have had less smooth transitions into the labor force.
